I. Introduction
The diesel engine sector forms a vital part of transportation systems in all the developed and developing countries of the world. However, diesel engine exhaust emissions are a major contributor to environment pollution. The conventional fossil fuel (diesel) used in diesel engines contains higher amounts of aromatics and sulphur, which cause environment pollution. As an example, higher amount of particulate matter (PM), unburned hydrocarbon (HC), oxides of nitrogen (NO x ), carbon dioxide (CO 2 ) and oxides of sulphur (SO x ) are produced from fossil-fuelled diesel engine exhaust emissions. Moreover, NO x and CO 2 are the green house gases and SO x causes acid rain. Bio-fuel contains less aromatic content and is practically sulphur-free, and produces complete combustion due to its oxygen content in comparison with conventional diesel fuel. Secondly, the environmental benefit is another motivation factor due to a lesser green house effect, less local air pollution, less contamination for water and soil and a reduced health risk. Why SCR is preferable? There are some techniques to rectify the domination of NO x which comes from exhaust of diesel engine. Exhaust gas recirculation (EGR) and selective catalytic reduction (SCR) are two methods to rectify the NO x. EGR is one of the methods to reduce the NO x. However, the use of EGR leads to rise in soot emission because of soot-NO x trade-off. But SCR gives better reduction in NO x without any problem of soot emissions. This study is focussed on Mahua Oil Methyl Ester. Mahua Oil Methyl Ester and its blend in different volumetric proportions with fossil diesel are used to study the performance, combustion and emission characteristics with and without SCR at full load condition. A brief review of literature survey in this field is presented below. Narayana Reddy and Ramesh [1] investigated performance and emissions of diesel with jatropha biodiesel fuel. They concluded that jatropha oil biodiesel gives similar performance and emissions as diesel when its injection timing is optimum. Venkatramanand Devaradjane [2] investigated performance and emission characteristics of diesel engine with Pungam Oil Methyl Ester (POME) diesel blends. They concluded that PME 20 could be used as alternative fuel for diesel engine with compression ratio of 19:1.Vijayashree et al., [3] highlighted overview of global energy scenario. They concluded that experience from all over the world has shown that improving end use efficiency will be hands down winner in economic terms when compared to capacity addition. Asad et al., [4] performed the diesel engine emission characteristics keeping in mind that reduction of emissions of CO, HC, NO x especially carbonyl species like formaldehyde, acetaldehyde, acrolein, acetone and propional dehyde are greatly reduced in the presence of the SCR system. Clark et al., [5] performed the diesel engine with soybean biodiesel. They concluded that soy bean biodiesel gives higher specific fuel consumption and lower emissions except NO x .Dan Haupt and Kent Nord [6] evaluated the diesel engine emissions with diesel fuel. They concluded that the reduction of emissions of CO, HC, NO x especially carbonyl species like formaldehyde, acetaldehyde, acrolein, acetone and propional dehyde are greatly reduced in the presence of the EGR system. Kapilan and Reddy [7] performed the diesel engine with biodiesel. They concluded that, theimpact of pure biodiesel is lower than that of pure diesel. Manfred Koebel et al., [8] performed the diesel engine with diesel fuel. They concluded that, there was a reduction in NO x obtained with urea as a reducing agent and a standard SCR catalyst based on TiO 2 -WO 3 -V 2 O 5. Puhan et al., [9] performed engine tests with mahua biodiesel in naturally aspirated diesel engines. They used neat diesel and neat biodiesel. Emissions are measured and reported that the impact of biodiesel (B100) is lower than that of diesel (B0). Puhan et al., [10] reported the biodiesel preparation and discussed its performance and emission characteristics of diesel engine with B0 and B100 fuel. They made the conclusion that the Mahua Oil Methyl Ester (B100) burn more efficiently than diesel (B0) and the emissions of B100 is lower than that of B0.Raheman and Ghadge [11] considered mahua biodiesel blended with fossil diesel and discussed extensively the engine performance obtained by blend with different volumetric ratios. They concluded that biodiesel 20% by volume with 80% diesel formed an optimum mixture for their engine parameters. Martin and Prithviraj [12] operated the diesel engine with various blends of preheated cotton seed oil. They concluded that there was increase in brake thermal efficiency and reduction in exhaust gas temperature, smoke, carbon monoxide and hydrocarbon as that of fossil diesel fuel. Mahla Das and Babu [13] performed the diesel engine with natural gas using EGR technique. They concluded that there was significant increase in brake thermal efficiency while using up to 5% cooled EGR and reduction in smoke, oxides of nitrogen and carbon monoxide as that of neat diesel fuel. Krishna Reddy et al., [14] operated diesel engine fuelled with Cotton Seed Oil Methyl Ester (CSOME) blends B10, B20, B30 and B40. The B10 and B20 have given almost same performance of diesel engine while compared to petro-diesel (B0) at full load. Sivakami et al., [15] investigated the DI diesel engine fuelled with Cotton Seed Oil Methyl Ester. 30% water emulsion with biodiesel results in a substantial reduction of NO x by 30% and smoke emissions by 32% with a marginal decrease in brake thermal efficiency compared to petro-diesel at full load conditions without emulsion.
From the previous studies, it could be observed that most of the studies were mainly related to theperformance, combustion and emission characteristics of diesel engine using neat biodiesel as fuel in various blends without SCR technique. In other part, the SCR techniqueshave been adopted in diesel engine with diesel fuel only. Therefore not much work has been carried out on the SCR with biodiesel and its different blends of fuel. In this paper a detailedanalysis of performance and emissions of diesel engine with optimum nozzle opening pressure of 250 bar and static injection timing of 20° bTDC at full load with SCR in various volume flow rate of 1, 2, 3, 4 and 5 ml/minute have been used using B0, B25, B50, B75 and B100 as fuel and the optimum flow rate has been identified and the same is compared to without SCR technique is presented. The comparison chart between with and without SCR is alsodiscussed and presented.
II.
Experimental Setup And Procedure The schematic of the engine setup is shown in Figure 1 .Specifications of the engine is presented in Table 1 . The optimum nozzle opening pressure of 250 bar and static injection timing of 20bTDC are used for the entire experimentsat full load condition.Smoke level is measured using standard AVL 437 smoke meter.AVL 444 digital gas analyzer is used for the measurement of exhaust emission of HC, CO 2 and NO x . All the readings were taken under steady state conditions.
III.
Experimental Setup and Procedure of SCR The schematic of the SCR setup is shown in Figure 2 . The selective catalytic converter (SCR) is used in diesel engine for mainly reducing the NO x . The working principle is to evaporate and then decompose the urea solution into ammonia (NH 3 ). The following chemical equations show the conversion of N 2 with SCR [4] . (NH 2 ) 2 CO + H 2 O→ 2NH 3 + CO 2 (2) Ammonia serves as the reducing agent in the catalyst, and the significant reactions are given as follows: Figure 3 shows variation of specific fuel consumption with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. It could be seen that, there is an increasing trend observed with respect to blends of fuel. It could also be observed that, there is not much variation in specific fuel consumption in the case of various volume flow rate at maximum load condition.However, 3 ml/minute volume flow rate gives lowest value in specific fuel consumption compared to all other flow rates. Figure 4 shows variation of brake thermal efficiency with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. It could be seen that, there is a decreasing trend observed with respect to blends of fuel. It could also be observed that, there is not significant variation in brake thermal efficiency in the case of various volume flow rate at maximum load condition. Among the flow rates, 3 ml/minute volume flow rate gives highest brake thermal efficiency. Figure 5 shows variation of heat release rate with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. It could be seen that, there is a decreasing trend observed with respect to blends of fuel. It could also be observed that, there is not much significant variation in heat release rate in the case of various volume flow rate at full load condition. Among the flow rates, 3 ml/minute volume flow rate gives highest value in heat release rate. Figure 6 shows variation of maximum cylinder pressure with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. It could be seen that, there is a decreasing trend observed with respect to blends of fuel. It could also be observed that, there is not significant variation in maximum cylinder pressure in the case of various volume flow rate at full load condition. Among the flow rates, 3 ml/minute volume flow rate gives highest value in heat release rate. Figure 7 shows variation of carbon dioxide with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. From the test results, it could be stated that, among the flow rates, 3 ml/minute volume flow rate gives highest value in carbon dioxide.This may be due to the oxygen content and cetane number of the blend. Since the methyl ester of mahua oil based fuel contains oxygen in the fuel itself and it acts as a lesser combustion promoter inside the cylinder.From the table 2, it could be noted that the cetane number of B25, B50, B75 and B100 are higher than that of B0. Figure 8 shows variation of smoke density with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. From the test results, it could be stated that, among the flow rates, 3 ml/minute volume flow rate gives lowest value in smoke density. It is interesting to note that B25 emits lower smoke compared to B0. This may be due to the chemistry of fuel blend which may promise conducive atmosphere for lower smoke density for B25 compared to B0. From table 2, it is evident that specific gravity difference for B25 compared to B0 is quite small (0.82 to 0.83) and the fire point increase is less than 10°C. Further there is good increase (46 to 51.6) in cetane number between B0 and B25. Probably this is the reason for decrease in smoke density at full load. Figure 9 shows variation of hydrocarbon with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. From the test results, it could be stated that, among the flow rates, 3 ml/minute volume flow rate gives lowest value in smoke density.As could be seen that there is not much variation in hydrocarbon. Cetane number of the fuel plays a vital role in ignition process. From table 2, we have seen that the cetane number of B100 is higher than that of B0 (46 to 52.4). Therefore the B0 emits more hydrocarbon than that of B100 [9] . Figure 10 shows variation of oxides of nitrogen with respect to blend ratio of the volume flow rate of 1, 2, 3, 4 and 5 ml/minute for B100 to B0 at full load condition. From the test results, it could be stated that, among the flow rates, 3 ml/minute volume flow rate gives lowest value in oxides of nitrogen. It is very interesting to note that 3, 4 and 5 ml/minute give almost same NO x value. Therefore among 3, 4 and 5 volume flow rates, 3 ml/minute has given optimum flow rate compared to other flow rates. The remaining flow rates like 4 and 5 ml/minute give ammonia slip. This will leads to toxic emissions. It is well known that more than optimum condition of urea flow rate should be avoided which creates ammonia slip. From these findings, it could be stated that, 3 ml/ minute gives lowest emissions of NO x without any ammonia slip and toxic emissions. The percentage reduction in NO x in the case of 3 ml/ minute volume flow rate for B0, B25, B50, B75 and B100 are 7.26%, 11.47%, 13.24%, 12.88% and 16.67% respectively as compared to 1 ml/minute flow rate at full load condition. The B100 gives highest percentage reduction in NO x in the case of 3 ml/minute as compared to 1 ml/minute. This may be due to spraying urea water mixture gradually with uniform flow rate of3 ml/minuteduring the passage of exhaust gas which comes from diesel engine during operation. From equations 2, 3 and 4, it could be stated that, the urea react with water gives ammonia. Then further gives N 2 gas only. This may be the reason to have lower in NO x with SCR compared to without SCR [4] .
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V. Conclusions
From these findings, it could be concluded that the optimum volume flow rate of 3 ml/minute gives better performance, combustion and lower emissions when compared with all other flow rates at full load condition. The optimum flow rate affects only oxides of nitrogen rather than others including performance and combustion. Among the blends B100 gives lowest emissions of smoke density and hydrocarbon as compared to without SCR. But in the presence of SCR, there is a drastic reduction in NO x of 17.81% for B100 as compared to without SCR at full load condition.
